Introduction
============

Globally, more than 300 million people are currently using smokeless tobacco (SLT). Moreover, at least one in 10 adolescents aged 13 to 15 years use tobacco and this figure is much higher in low-income countries. A recent review of studies from 113 countries revealed that SLT use alone accounts for loss of over 6 million disability-adjusted-life-years (DALYs) and has caused 266,592 deaths from cancers and heart disease. Almost 85% of the global disease burden of SLT use is from the South Asia region, of which India accounts for 74% and Bangladesh accounts for 5% ([@ref-36]).

SLT is used in a wide variety of forms in many countries of the world. Specifically, SLT is used orally by chewing, sucking, sniffing or applying it to the teeth or gums (toothpaste or powder) or inserting it in betel quid ([@ref-31]; [@ref-18]). The most popular forms of SLT products in South Asia are Zarda, Pan Masala, Khaini and Gul ([@ref-29]). SLT products contain roughly 4,000 types of chemicals, including nicotine, carcinogens and other toxic chemicals, which are believed to cause negative health effects ([@ref-23]; [@ref-33]). Based on evidence from available epidemiological studies, the International Agency for Research on Cancer (IARC) concluded that SLT products, such as chewing tobacco, snuff or betel quid, are carcinogenic to humans ([@ref-18]).

Adolescents are at a stage of their life where they face different attractive choices of habits and these choices may change their future lifestyle ([@ref-11]). Using tobacco at an early age may lead to tobacco dependency, creating a strong addiction in early life and a difficult habit to quit ([@ref-21]). According to the WHO, three out of five adolescents who try any type of tobacco are more likely to become regular smokers in adulthood and consider other substance use ([@ref-40]). Regarding the long-term adverse effects of SLT use, adolescents are predisposed to a higher risk of oral cancer, oral mucosal lesions, periodontal diseases and heart disease in their middle age, which is also the most productive age of one's life ([@ref-31]).

Several behavioural theories have been used to explain SLT initiation, continuation and cessation among adolescents, with social cognitive theory (SCT) and the health belief model (HBM) being the most widely used ([@ref-8]; [@ref-7]; [@ref-26]; [@ref-32]). The SCT is one of the components of behaviourism, as it explains why an individual acquires and maintains certain behavioural patterns, such as SLT use ([@ref-4]). In contrast, the HBM is a psychological model that attempts to explain and predict adolescents' health behaviours by focusing on the attitudes and beliefs of an individual ([@ref-12]). Identification of social cognitive and HBM predictors of adolescent SLT use would be a primary step towards explaining this behaviour and for planning and developing SLT cessation interventions.

In Bangladesh, 57,000 people die and 1.2 million people suffer from tobacco-related diseases every year. More than 4.3 million people use different forms of tobacco and the health cost of tobacco-related diseases are double that of the revenue generated from this sector ([@ref-42]). SLT use contributed to a total of 320,000 DALYs lost and 13,329 deaths due to cancers and heart disease in Bangladesh alone ([@ref-36]). Bangladeshi adolescents are facing a double challenge from smoking and SLT use, as SLT use is as prevalent as smoking tobacco in Bangladesh ([@ref-31]). Overall, 6.9% of Bangladeshi adolescents use any form of tobacco, but the exact number of adolescent SLT users is unknown ([@ref-31]; [@ref-43]). The recent Global Youth Tobacco Survey (GYTS) in Bangladesh reported that current SLT prevalence among school students aged 13 to 15 years was 4.5% and more prevalent among boys (5.9%) compared with girls (2.0%) ([@ref-42]).

The availability, affordability across regions and acceptance of tobacco in some cultures play vital roles in adolescent or youth tobacco use ([@ref-39]). The use of SLT products in rural areas has been deep-rooted in the Bangladeshi culture of hospitality ([@ref-27]). In Bangladesh, using SLT is regarded as a shared social activity that is performed with friends, relatives and family members and has even been integrated into social gatherings, such as festivals, weddings and religious gatherings ([@ref-35]). In Bangladeshi society, younger people hesitate to smoke before their elders and they will never use or smoke cigarettes in front of their parents or seniors. However, SLT is an exception since chewing pan or betel leaf along with tobacco products is regarded as normal social behaviour and a symbol of hospitality in the rural areas of Bangladesh ([@ref-19]). Moreover, SLT use in Bangladesh is more prevalent among low socio-economic and socially disadvantaged populations ([@ref-27]; [@ref-16]; [@ref-3]). The high prevalence of SLT use in Bangladesh is associated with easy availability, low price and affordability, misconceptions regarding its useful health effects, lack of tobacco control regulations and weak enforcement of existing regulations ([@ref-16]).

The purpose of the study was to examine the current pattern and practice of SLT use among adolescents in a rural part of Bangladesh and their knowledge and perception about its ill effects. Possible predictors of current SLT habits were also explored to inform health promotion and preventive measures that could be targeted at this age group.

Materials and Methods
=====================

This was a school-based cross-sectional study conducted in two rural secondary schools in Ramgati Upazila during October 2015. Ramgati Upazila is a subdivision of the Lakshmipur district in Bangladesh with a population of 261,002 with low socio-economic status ([@ref-5]). It is considered a rural community due to the dominant economic activity being farming. Secondary education in this rural area of Bangladesh is provided by 18 non-governmental schools serving approximately 8,994 students ([@ref-5]). The literacy rate in this area (39.3%) is lower than the national average (61.5%) ([@ref-5]).

Ethical approval for the present study was obtained from the Anglia Ruskin University Ethics committee (Ref: NS/jc/FMSFREP/15-039) and the head teachers of the participating schools in Ramgati Upazila. Informed consent was obtained from the students' parents. Prior to the administration of the survey, the researcher (MZU) explained the study and the students were required to provide verbal consent to indicate voluntary participation. Students were informed of their right to decline participation or withdraw from the study at any time without consequence.

Sample size and sampling technique
----------------------------------

To reach a 95% confidence level with 2.5% marginal error and 10.1% expected ever SLT prevalence, a sample size of 553 was required ([@ref-9]; [@ref-42]). Of the 18 secondary schools in Ramgati Upazila, with a total population of 8,994 students, 790 (8.78%) were recruited from two schools using a stratified method according to the enrolment size in each school. Initially the number of students for all 18 schools was collected from the local administrative office. From there, five schools with highest enrolment size were selected and from those five schools two schools were chosen randomly from their registration number.

Survey tool and data collection
-------------------------------

A self-administered questionnaire was adapted from the SLT module of the GYTS questionnaire version 1.00 (2012) ([@ref-13]). Guided by the Social Cognitive Theory and Health Belief Model, the questionnaire was developed and comprised of closed-ended, open-ended and multiple response questions. Additional questions on types of SLT use, the reason for failing to quit SLT and eight knowledge questions were added from selected literature and validated surveys ([@ref-6]; [@ref-1]; [@ref-21]).

The questionnaire was translated from English to Bengali and then back-translated to English by professional translators. It was also reviewed by the research team, local healthcare workers who had previously conducted a survey with students and teachers to ensure that the Bengali version was idiomatically appropriate for Bangladeshi adolescents. The questionnaire was piloted among five female and five male students from two secondary schools and was modified accordingly. Students took up to 15 min to complete the questionnaire.

Study measures
--------------

The dependent measure or outcome variable for the present study was SLT use, which was classified into three main categories: 'ever users', 'current users' and 'never users' ([@ref-42]). Ever users were individuals who had used SLT at least once in their life, even if this was a tiny portion. Current SLT users were those who used SLT at least once in the last 30 days ([@ref-42]). Never users had never used SLT before. Additionally, respondents were asked, "What type or brand of SLT have you tried?"

Social cognitive factors
------------------------

"*Personal characteristics*" of the participants were measured by asking questions related to age, gender, father's and mother's profession, the age of initiation and SLT dependency. "*Environmental factors*" were assessed through querying about the source and access to SLT products. "*Self-efficacy*" was measured through respondent's ability to deny SLT when offered by their friends. "*Outcome expectancies*" was measured by querying the reasons for SLT use.

Health belief model
-------------------

"*Perceived susceptibility*" was measured through students' knowledge about harmful effects of SLT use and its contents, such as the development of white patches in the mouth, oral cancer, gum diseases and heart disease from SLT use. "*Perceived severity*" was assessed through asking respondents' perception about the harmfulness of SLT compared to smoked tobacco. "*Perceived benefit*" was assessed by querying about the potential benefits of SLT use. "*Perceived barriers*" was measured by asking about the difficulty of quitting SLT. "*Cues to action*" was assessed by questioning about their experience receiving help to quit SLT and noticing the health warning on SLT packages.

Data analysis
-------------

All the data were entered into MS Excel 2013 and exported into SPSS version 24 for analysis. Data analyses were conducted in multiple phases. In the first phase, a simple descriptive analysis (frequency, percentage, mean and median) was conducted to examine current SLT use behaviour as well as perception and knowledge about its ill effects. In the second phase, statistical analyses were performed to explore the association between different variables, such as socio-demographic variables, SLT use behaviours, perception and knowledge. Associations between categorical variables were assessed using a chi-square or Fisher exact test where appropriate. Knowledge was assessed using a scoring system where participants were given one point for each correctly answered question and zero otherwise. The sum of scores was calculated, and its relation to other variables was assessed using the student *t*-test or Mann--Whitney test when appropriate. The knowledge score was further categorised into poor knowledge (score of 0--2), average knowledge (score of 3--5), and good knowledge (score of 6--8). For the predictive model, the knowledge score was considered a nominal variable.

In the third phase, a multivariate logistic regression model was used to predict current SLT use. However, initially a univariate logistic regression was performed to determine variables that could be used to predict current SLT use. Akaike information criterion (AIC) was also extracted for each variable. Some variables were presented with different cut-off values. Each of them was assessed, and the variable with the lowest AIC was included in the final model. Only variables that were significant in the initial screening (univariate logistic regression) were included in the multivariate logistic regression. A correlation matrix was also constructed to ensure the absence of multicollinearity between variables included in the model. Exponentiated coefficients (odds ratio) were extracted from the model as well as the overall AIC of the model. Confidence intervals (95%) and Wald statistics were used to assess whether regression coefficients were significantly different from zero (null hypothesis). A receiver operator characteristics curve was plotted to assess whether the model could accurately classify the data. The Area Under the Curve (AUC) was 0.84 which is a good indicator of the model's predictive power.

The odds ratio with a 95% CI was used to quantify the association. For the purpose of the analysis, a *P*-value of less than 0.05 was considered significant. Continuous variables were expressed as means or medians, whereas categorical variables were presented in frequencies or percentages. Data were missing for some of the questions; therefore, percentages were expressed according to the number of valid responses.

Results
=======

Sample characteristics
----------------------

Of the 820 enrolled students, 790 attended school on the day of the survey and all the students gave consent and participated in the study. More than half of the participants were male (63.3%). The mean age was 13.8 ± 0.07 years, and the median age was 14 years. There was no significant difference in the mean age of male (14.0 ± 0.07) and female students (13.7 ± 0.07). The predominant occupation of the participants' fathers was farming (62.4%; 493), and almost all the participants' mothers were housekeepers (98.9%; 781) ([Table 1](#table-1){ref-type="table"}).
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###### Socio-demographic characteristics of the study participants.
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  Characteristics   Categories          Total % (*n*)   Ever SLT users   Non-users
  ----------------- ------------------- --------------- ---------------- -------------
  Gender            Male                63.3% (500)     68.0% (51)       62.8% (449)
                    Female              36.7% (290)     32.0% (24)       37.2% (266)
  Age               13 or younger       40.4% (319)     16.0% (12)       42.9% (307)
                    14                  29.0% (229)     34.7% (26)       28.4% (203)
                    15 or older         30.6% (242)     49.3% (37)       28.8% (205)
  Father's job      Farming             62.4% (493)     62.7% (47)       62.4% (446)
                    Business            18.4% (145)     18.7% (14)       18.3% (131)
                    Gov. employee       1.4% (11)       8.0% (6)         0.7% (5)
                    Non-Gov. employee   6.1% (48)       4.0% (3)         6.3% (45)
                    Doctor              1.3% (10)       1.3% (1)         1.3% (9)
                    Teacher             3.0% (24)       2.7% (2)         3.1% (22)
                    Daily labourer      1.9% (15)       0%               2.1% (15)
                    Unemployed          0.4% (3)        1.3% (1)         0.3% (2)
                    Others              5.2% (41)       1.3% (1)         5.6% (40)
  Mother's job      Housework           98.9% (781)     98.7% (74)       98.9% (707)
                    Gov. employee       0.3% (2)        0%               0.3% (2)
                    Teacher             0.9% (7)        1.3% (1)         0.8% (6)

**Notes.**

Others: Did not mention father's profession.

SLTSmokeless tobacco

SLT use behaviour
-----------------

A total of 9.5% (75) reported ever using SLT. Approximately 3.7% (29) of the participants in this study or 38.7% of the ever users reported that they were currently using SLT. Males had a higher incidence of both ever and current SLT use with 68% (51) and 65.5% (19), respectively. Among the ever users, participants reported they started SLT use as early as the age of 7 years or younger (5.3%; four). However, most SLT users reported using SLT at the age of 12 or 13 years (34.7%; 25). Male SLT users (35.3%; 18) started using SLT at an earlier age (10--11 years) compared to female users (12--13 years) (41.7%; 10) ([Table 2](#table-2){ref-type="table"}). Only two types of SLT were popular among the SLT users. Zarda was the most common type of SLT used (80%) followed by Pan Masala (20%) ([Table 2](#table-2){ref-type="table"}). The majority used SLT less than once per day (65.5%; 19). Overall SLT dependency was low, where 89.3% (67) and 84% (63) of SLT users did not feel the need to use SLT first thing in the morning and did not feel a strong desire to use it again after using it once, respectively. Many respondents could not articulate their reason for using SLT (36.7%; 29). However, only male users (9.3%; five) and respondents aged 14 years and above (7.9%; five) used SLT because their friends also used. Regarding SLT cessation, 89.7% (26) of current SLT users wanted to quit, but none of them received help or advice from a program or professionals to do so. Regarding the attempt to quit SLT in the past 12 months, 34.5% (10) of current SLT users tried to stop SLT but failed. Between both genders, male students (42.1%; eight) had a higher rate of failure in quitting SLT compared with female students (20.0%; two) ([Table 2](#table-2){ref-type="table"}).

Regarding access and availability, many students obtained SLT from social sources (41.4%; 12) and from stores and shops (34.4%; 10). Among current users who bought SLT products, 86% (12) were not refused because of their age. In terms of their exposure to the anti-tobacco messages, 45.3% (34) of respondents reported not seeing any health warning on SLT packages. In contrast, 29.3% (22) students had seen the health warnings and thought of quitting SLT.

The overall susceptibility to SLT use was 2.8% (22) when offered by friends and was significantly associated with ever SLT use. Specifically, 8% (six) of ever SLT users compared to 2.2% (16) of never users were likely to use SLT if offered by their friend (*p* = 0.01). The majority of students (59%; 466) thought it would not be difficult to quit once someone started using SLT and this was significantly associated with age. Specifically, 52.9% (128) of respondents 15 years or older believed it would be difficult to quit SLT compared to 35.8% (196) of respondents less than 15 years old (*p* \< 0.001).

10.7717/peerj.5463/table-2

###### Distribution of various factors across gender.
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  Measures                              Categories                 Male (*n*)    Female (*n*)   Total (*n*)   *P*-value
  ------------------------------------- -------------------------- ------------- -------------- ------------- -------------------------------------------
  Ever SLT use                          Never                      62.8% (449)   37.2% (266)    100% (715)    0.38[^a^](#table-2fn2){ref-type="fn"}
                                        Ever                       68.0% (51)    32.0% (24)     100% (75)     
  Current SLT use                       No                         63.2% (481)   36.8% (280)    100% (761)    0.84[^a^](#table-2fn2){ref-type="fn"}
                                        Yes                        65.5% (19)    34.5% (10)     100% (29)     
  SLT type                              Zarda                      76.5% (39)    87.5% (21)     80.0% (60)    0.36[^a^](#table-2fn2){ref-type="fn"}
                                        Panmasala                  23.5% (12)    12.5% (3)      20.0% (15)    
  Age of initiation                     ≤7                         7.8% (4)      0.0%           5.3% (4)      **0.03[^b^](#table-2fn3){ref-type="fn"}**
                                        8--9 years                 3.9% (2)      8.3% (2)       5.3% (4)      
                                        10--11 years               35.3% (18)    25.0% (6)      32.0% (24)    
                                        12--13 years               31.4% (16)    41.7% (10)     34.7% (26)    
                                        14--15 years               21.6% (11)    25.0% (6)      22.7% (17)    
  Number of days used                   Did not use                62.7% (32)    58.3% (14)     61.3% (46)    0.28[^b^](#table-2fn3){ref-type="fn"}
                                        1 to 2 days                27.5% (14)    16.7% (4)      24.0% (18)    
                                        3 to 5 days                5.9% (3)      20.8% (5)      10.7% (8)     
                                        20 to 29 days              0.0%          4.2% (1)       1.3% (1)      
                                        All 30 days                3.9% (2)      0.0%           2.7% (2)      
  Frequency per day (current)           Less than once per day     63.2% (12)    70.0%(7)       65.5% (19)    0.71[^a^](#table-2fn2){ref-type="fn"}
                                        At least Once per day      36.8% (7)     30.0% (3)      34.5% (10)    
  Use SLT, first thing in the morning   No                         90.2 % (46)   87.5%(21)      89.3%(67)     0.78[^b^](#table-2fn3){ref-type="fn"}
                                        Yes sometimes              7.8% (4)      12.5% (3)      9.3% (7)      
                                        Yes always                 2.0% (1)      0.0%           1.3% (1)      
  Desire to use SLT again               Never                      80.4% (41)    91.7% (22)     84.0% (63)    0.88[^b^](#table-2fn3){ref-type="fn"}
                                        Within 60 minutes          9.8% (5)      8.3% (2)       9.3% (7)      
                                        1 to 2 hours               5.9% (3)      0.0%           4.0% (3)      
                                        1 to 3 days                2.0% (1)      0.0%           1.3% (1)      
                                        4 days or more             2.0% (1)      0.0%           1.3% (1)      
  Reasons of using                      Taste                      13.0% (7)     12.0% (3)      12.7% (10)    0.47[^b^](#table-2fn3){ref-type="fn"}
                                        Smell                      5.6% (3)      4.0% (1)       5.1% (4)      
                                        Pleasure                   27.8% (15)    28.0% (7)      26.7% (20)    
                                        Feels better               0.0%          4.0% (1)       1.3% (1)      
                                        Friend does                9.3% (5)      0.0%           6.3% (5)      
                                        Don't know                 37.0% (20)    36.0% (9)      36.7% (29)    
                                        Other reason               7.4% (4)      16.0% (4)      10.1% (8)     
  Want to stop (Current)                Yes                        94.7% (18)    80.0% (8)      89.7% (26)    0.58[^b^](#table-2fn3){ref-type="fn"}
                                        No                         5.3% (1)      20.0% (2)      10.3% (3)     
  Tried to stop (Current)               Tried but unsuccessful     42.1% (8)     20.0% (2)      34.5% (10)    0.13[^a^](#table-2fn2){ref-type="fn"}
                                        Did not try to quit        57.9% (11)    80.0% (8)      65.5% (19)    
  Source of help to quit (Current)      A Program                  0.0%          0.0%           0.0%          0.54[^b^](#table-2fn3){ref-type="fn"}
                                        Friend                     42.1% (8)     0.0%           27.6% (8)     
                                        Family                     31.6% (6)     80% (8)        43.8% (14)    
                                        No help                    26.3% (5)     20.0% (2)      24.1% (7)     
  Source of SLT                         School Shop                4.8% (1)      12.5% (1)      6.9% (2)      0.52[^a^](#table-2fn2){ref-type="fn"}
                                        Street Vendor              14.3% (3)     0.0%           10.3% (3)     
                                        Someone else               38.1% (8)     50.0% (4)      41.4% (12)    
                                        Store near house           19.0% (4)     0.0%           13.8% (4)     
                                        Got it other way           23.8% (5)     25.0% (2)      24.1% (7)     
                                        On the way to school       0.0%          12.5% (1)      3.4% (1)      
  Refuse to sell SLT                    No                         62.5% (10)    71.4% (5)      65.2% (15)    0.68[^a^](#table-2fn2){ref-type="fn"}
                                        Yes                        37.5% (6)     28.6% (2)      34.8% (8)     
  Health Warnings                       No                         47.1% (24)    41.7% (10)     45.3% (34)    0.80[^a^](#table-2fn2){ref-type="fn"}
                                        Yes, didn't care           17.6% (9)     41.7% (10)     25.3% (19)    
                                        Yes, thought of quitting   35.3% (18)    16.7% (4)      29.3% (22)    
  If offered by a Friend                No                         97.8% (489)   96.2% (279)    97.2% (768)   0.26[^a^](#table-2fn2){ref-type="fn"}
                                        Yes                        2.2% (11)     3.8% (11)      2.8% (22)     
  Difficult to quit                     No                         60.0% (300)   57.2% (166)    59.0% (466)   0.45[^a^](#table-2fn2){ref-type="fn"}
                                        Yes                        40.0% (200)   42.8% (124)    41.0% (324)   

**Notes.**

SLTSmokeless Tobacco

Chi-Square Test.

Fisher-Exact test

Significant results are bold.

Knowledge about the harmful effects of SLT
------------------------------------------

To assess respondents' knowledge about the adverse effects of SLT, students were asked eight questions. The overall knowledge about the harmful effects of smokeless tobacco use was good among respondents. The majority of adolescents (75.6%; 597) thought SLT use is bad for health. However, 21.2% (169) of study participants did not know whether SLT use is bad or good for the health. Over 32% (254) of students did not know whether SLT is less harmful compared to smoked tobacco (ST) and 25% (202) thought it is less harmful than ST. Additionally, 29.2% (231), 25.3% (200), 26% (206), and 25.4% (201) of students did not know SLT causes white patches in the mouth, oral cancer, gum diseases, and heart diseases respectively. Also, 32.5% (257) of respondents did not know SLT contains Nicotine.

The mean knowledge score was 5.19 ± 0.15. Male students (5.36 ± 0.09) were more likely to be knowledgeable compared to female students (4.9 ± 0.12). Students whose fathers' profession was teaching (6.21 ± 0.37) had the highest mean score, and the lowest score was seen from students whose fathers' occupation was farming (5.08 ± 0.09). Moreover, the average knowledge score was lowest among current SLT users (4.31 ± 0.40) followed by ever users (4.48 ± 0.20), and the highest average score was from the group who never tried SLT (5.27 ± 0.08).

[Table 3](#table-3){ref-type="table"} represents the knowledge category across various factors. Respondents were grouped into three main categories based on the total score distribution (poor knowledge, average knowledge, good knowledge). Overall, 54.2% (428) of respondents had good knowledge about the harmful effects of SLT. The majority of never SLT users (55.4%; 396) scored in the good knowledge category compared to ever users (42.7%; 32). Male respondents were more familiar with the SLT use hazards (56%) compared to females (51%) ([Table 3](#table-3){ref-type="table"}). Knowledge was significantly associated with witnessing anti-tobacco messages on the SLT packages. Specifically, 61.8% (21) of ever SLT users who did not witness anti-tobacco messages on SLT packages had good knowledge compared to 26.8% who did see the anti-tobacco messages (*χ*2 = 9.87, *p* = 0.007, *φ* = 0.363). Knowledge was also significantly associated with respondent's self-efficacy, where 55.2% (424) of respondents who would refuse to use SLT if offered by a friend had good knowledge compared to 18.2% (four) of those who would use SLT (*χ*2 = 11.98, *p* = 0.003, *φ* = 0.123). In addition, perceived barriers were significantly associated with knowledge, as 21.9% (102) of respondents who thought it would not be difficult to quit SLT once started had poor knowledge compared to 9.6% (31) of those who thought the opposite (*χ*2 = 20.95, *p* =  \< 0.001, *φ* = 0.163) ([Table 3](#table-3){ref-type="table"}).
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###### Distribution of knowledge index across various factors.
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  Measures                       Category      Poor knowledge   Average knowledge   Good knowledge   *P*-value
  ------------------------------ ------------- ---------------- ------------------- ---------------- ------------------------------------------------------------------------
  Smokeless tobacco use status   Never users   15.9% (114)      28.7% (205)         55.4% (396)      0.05[^a^](#table-3fn1){ref-type="fn"}
                                 Ever users    25.3% (19)       32.0% (24)          42.7% (32)       
                                 Current use   27.6% (8)        24.1% (7)           48.3% (14)       0.28[^a^](#table-3fn1){ref-type="fn"}
  Gender                         Male          14.6% (73)       29.4% (147)         56.0% (280)      0.08[^a^](#table-3fn1){ref-type="fn"}
                                 Female        20.7% (60)       28.3% (82)          51.0% (148)      
  Age                            14 \< years   18.5% (59)       26.3% (84)          55.2% (176)      0.32[^a^](#table-3fn1){ref-type="fn"}
                                 ≥ 14 years    15.7% (74)       30.8% (145)         53.5% (252)      
  Father's profession            Farmer        18.2% (93)       29.5% (151)         52.3% (267)      0.25[^a^](#table-3fn1){ref-type="fn"}
                                 Other         14.3% (40)       28.0% (78)          57.7% (161)      
  Age of initiation              ≤ 7 years     25.0% (1)        0.0%                75.0% (3)        0.17[^a^](#table-3fn1){ref-type="fn"}[^b^](#table-3fn2){ref-type="fn"}
                                 8--9          0.0%             0.0%                100.0% (4)       
                                 10--11        20.8% (5)        33.3% (8)           45.8% (11)       
                                 12--13        23.1% (6)        46.2% (12)          30.8% (8)        
                                 14--15        41.2% (7)        23.5% (4)           35.3% (6)        
  Want to quit                   Yes           30.2% (13)       34.9% (15)          34.9% (15)       0.54[^a^](#table-3fn1){ref-type="fn"}
                                 No            12.5% (1)        37.5% (3)           50.0% (4)        
  Tried to quit last year        Yes           9.5% (2)         38.1% (8)           52.4% (11)       0.49[^a^](#table-3fn1){ref-type="fn"}
                                 No            22.2% (12)       29.6% (16)          48.1% (26)       
  Health warning                 Yes           29.3% (12)       43.9% (18)          26.8% (11)       **0.007[^a^](#table-3fn1){ref-type="fn"}**
                                 No            20.6% (7)        17.6% (6)           61.8% (21)       
  If offered by friend           Yes           27.3% (6)        54.5% (12)          18.2% (4)        **0.003[^a^](#table-3fn1){ref-type="fn"}**
                                 No            16.5% (127)      28.3% (217)         55.2% (424)      
  Difficult to quit              Yes           9.6% (31)        32.4% (105)         58.0% (188)      **\<0.001[^a^](#table-3fn1){ref-type="fn"}**
                                 No            21.9% (102)      26.6% (124)         51.5% (240)      

**Notes.**

Chi-Square Test.

Fisher-Exact test.

Significant results are bold.

Predictors of current SLT use
-----------------------------

Initial univariate logistic regression analysis showed that age (*p* = 0.005), father's profession (*p* = 0.046), self-efficacy (*p* = 0.001), perceived barriers (*p* = 0.029), perceived benefit (*p* = 0.014) and perceived severity (*p* = 0.008) were significant variables ([Table 4](#table-4){ref-type="table"}). In the next stage, these variables were included in the multivariate logistic regression.
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###### Univariate regression analysis.
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  Labels                                                                 *P*-value   Odds ratio   AIC
  ---------------------------------------------------------------------- ----------- ------------ ---------
  Gender                                                                 0.800       0.904        252.532
  Age (≥14 years)                                                        **0.003**   6.154        239.14
  Father's profession                                                    0.153       0.413        257.132
  Farmer vs other (Other)                                                **0.046**   0.37         247.781
  Mother's profession                                                    0.994       0            253.92
  If someone offered you SLT, would you use it? (Yes)                    **0.001**   6.604        245.285
  Is it difficult to quit? (Yes)                                         **0.029**   0.363        247.001
  Do you think SLT use is good for health?                               0.106       6.875        252.882
  Are there benefits of SLT to your body and health?                     **0.014**   0.198        248.212
  Does SLT cause less harm to your health compared to smoking tobacco?   **0.008**   0.268        243.674
  Does SLT cause white patches in the mouth?                             0.253       0.649        251.294
  Can SLT cause oral cancer?                                             0.342       1.494        251.646
  Does SLT cause gum diseases?                                           0.658       0.843        252.403
  Does SLT cause heart diseases?                                         0.260       0.652        251.341
  Does SLT contain nicotine?                                             0.079       0.509        249.454

**Notes.**

SLTSmokeless tobacco

Reference Group: Never used SLT, *AIC Akaike information criterion*.

Significant results are bold.

The multivariate regression analysis indicated that students who were 14 years old and older were 6.5 times more likely to be current SLT users compared to those younger than 14 years (*p* = 0.002) ([Table 4](#table-4){ref-type="table"}). Perceived benefits and perceived severity of SLT use was associated with lower odds of current SLT use (OR = 0.21, 95% CI \[0.059--1.03\] and OR = 0.36, 95% CI \[0.12--0.97\], respectively) ([Table 5](#table-5){ref-type="table"}). Self-efficacy was also a significant predictor of current SLT use where students who would use SLT if offered by a friend were more likely to be current SLT users compared to those who would not (OR = 5.78, 95% CI \[1.46--19.65\]). Lastly, perceived barriers regarding the difficulty of quitting SLT use was also a significant predictor of current SLT use where those who perceived quitting as easy were more likely to be current users compared to those who did not (OR = 0.30, 95% CI \[0.10--0.74\]) ([Table 5](#table-5){ref-type="table"}). The model correctly classified 82% of the dependent variables.
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###### Multivariate analysis result.
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  Variables                                                                                                 Odds Ratio   SE      Wald statistic   *P*-value   95% CI for odds ratio   
  --------------------------------------------------------------------------------------------------------- ------------ ------- ---------------- ----------- ----------------------- -------
  Intercept                                                                                                 0.083        0.07    −2.95            **0.003**   0.01                    0.36
  Age (≥14 years)                                                                                           6.58         4.12    3.00             **0.002**   2.23                    28.31
  Are there benefits of smokeless tobacco to your body and health? (Yes) (Perceived benefit)                0.21         0.15    −2.17            **0.029**   0.05                    1.03
  Does smokeless tobacco cause less harm to health compare to smoking tobacco? (Yes) (Perceived severity)   0.36         0.185   −1.98            **0.046**   0.16                    0.91
  If someone offered you SLT, would you use it? (yes) (Self-efficacy)                                       5.78         3.75    2.70             **0.006**   1.46                    19.65
  Is it difficult to quit? (yes) (Perceived barrier)                                                        0.30         0.14    −2.44            **0.014**   0.10                    0.74
  Father's job (Other Job)                                                                                  0.41         0.21    −1.701           0.08        0.13                    1.05

**Notes.**

Reference Group: Never used SLT, CI, Confidence Interval; SE, Standard Error; SLT, Smokeless Tobacco.

Significant results are bold.

Discussion
==========

This is the first comprehensive study examining the current practice and pattern of SLT use and knowledge about the harmful effects among adolescents in the rural areas of Bangladesh. In our study, the current prevalence of SLT use was 3.7%, whereas existing GYTS, Bangladesh (2013) report showed that the national-level prevalence among adolescents was 4.5% ([@ref-42]). This declining trend could be explained by the recent implementation of the 15% Value Added Tax (VAT) and 30% supplementary duty on SLT products by the Bangladesh Government ([@ref-30]). The positive relation between the tax increase and decline of youth tobacco use was also reported in previous studies ([@ref-24]; [@ref-15]). When compared with other South-East Asian countries, the current SLT prevalence in this study was higher than Indonesia, Sri Lanka and Thailand and Bhutan, and conversely lower than India, Nepal, Myanmar, Maldives and Timor-Thistle ([@ref-31]). The higher percentage of SLT use among boys in the present study showed similar trends to other South-East Asian countries: Bhutan (boys 27.2%; girls 19.8%), India (boys 11.1%; girls 6.0%) and Myanmar (boys 15.2%; girls 4.0%) ([@ref-38]). Indeed, the cultural backdrop and symbols of maturity may play a key role in this trend ([@ref-17]).

The findings of the present study on early SLT initiation ties well with previous studies where adolescents started using SLT as early as 12 years old or younger ([@ref-25]; [@ref-28]; [@ref-21]). Initiating SLT at an early age may lead to tobacco dependency in the future ([@ref-14]). This scenario stresses the need to extend the coverage of the Bangladesh anti-SLT campaign to primary school students (5th grade) rather than just focusing on secondary schools (6th grade onwards). Simultaneously, designing an effective adolescent SLT cessation campaign is challenging because adolescents have easy access to different forms of tobacco in the market as evidenced by the initiation of smoked tobacco being highest in the 12--13 years age group in the country ([@ref-2]). Therefore, a cessation programme that addresses the multiple forms of tobacco use in Bangladesh would be more effective ([@ref-37]). The necessity of a cessation programme was also stressed from another key finding of this study where the majority of current SLT users wanted to quit SLT but received no professional help. The lack of help from health promotion boards and health professionals was also reported by the WHO. In particular, only 8.9% students in Bangladesh had received help from a programme or professional to quit smoking ([@ref-42]). Much work is needed to increase the capacity to promote cessation of SLT in this population group.

Access and availability play a key role in influencing adolescent SLT use. Bangladesh has a law that bans selling SLT to and by minors ([@ref-41]). However, in line with the previous study, our study results showed the majority of students were able to buy SLT from stores without any restriction ([@ref-20]). Additionally, since May 2013, a new tobacco control amendment was put in place that requires graphic health warnings to be printed on tobacco (smoked / SLT) packages that cover at least 50% of the principal surface area ([@ref-41]). Nevertheless, our study findings demonstrated poor implementation of this law in the rural areas of Bangladesh.

Multivariate logistic regression analysis showed several constructs were strong predictors of current SLT use, namely, perceived benefit, perceived severity, self-efficacy and perceived barriers. These findings demonstrate the need for an effective anti-SLT campaign in rural areas of Bangladesh addressing the above factors to improve knowledge and perception of SLT use and its ill effects. Previous study results showed that health education campaigns based on the HBM and social cognitive factors were effective in improving knowledge and attitude about tobacco use hazards and enhancing success in quitting tobacco and preventing relapse ([@ref-10]; [@ref-34]).

We used a validated questionnaire from the WHO's GYTS that enabled comparison of our results with other similar studies in the field. However, our study is not without limitations. Firstly, we did not have any information related to parental SLT use. In addition, the study was conducted in a rural area of Bangladesh and our results are therefore not generalisable to urban areas. Moreover, we collected self-reported data whereby both underreporting and over-reporting by the participants were plausible. Another limitation was not including adolescents who do not go to school, as they tend to have a higher risk of using tobacco and other substances ([@ref-22]).

Conclusion
==========

Our evidence suggests that SLT use in the rural areas of Bangladesh is low compared to other neighbouring countries. However, initiation of SLT at an early age is a public health concern. Lack of professional help to quit SLT and poor implementation of tobacco control laws were prevalent. Overall knowledge about SLT use and its ill effects was good, but this score was lower among SLT users compared to non-users. Professional help to quit SLT, tightening the tobacco control laws in rural areas and developing an educational health campaign focusing on young adolescents and different forms of tobacco use can reduce the current and future burden of adolescents SLT use in rural areas of Bangladesh.

Supplemental Information
========================

10.7717/peerj.5463/supp-1

###### School survey data

###### 

Click here for additional data file.

10.7717/peerj.5463/supp-2

###### Survey instrument

Data collection Instrument

###### 

Click here for additional data file.

10.7717/peerj.5463/supp-3

###### Model validation

###### 

Click here for additional data file.

Additional Information and Declarations
=======================================

The authors declare there are no competing interests.

[Md Zahid Ullah](#author-1){ref-type="contrib"} conceived and designed the experiments, performed the experiments, analyzed the data, contributed reagents/materials/analysis tools, prepared figures and/or tables, authored or reviewed drafts of the paper, approved the final draft.

[Jennifer NW Lim](#author-2){ref-type="contrib"} and [Marie-Ann Ha](#author-3){ref-type="contrib"} conceived and designed the experiments, authored or reviewed drafts of the paper, approved the final draft.

[Md Mostafizur Rahman](#author-4){ref-type="contrib"} performed the experiments, analyzed the data, contributed reagents/materials/analysis tools, authored or reviewed drafts of the paper, approved the final draft.

The following information was supplied relating to ethical approvals (i.e., approving body and any reference numbers):

Ethical approval for the present study was obtained from the Anglia Ruskin University Ethics committee (Ref: NS/jc/FMSFREP/15-039).

The following information was supplied regarding data availability:

The raw data are provided in a [Supplemental File](#supplemental-information){ref-type="supplementary-material"}.
